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Abstract of EP0745917 

A detector (1 10) of a measuring system (100) 
sensitive to light energy receives light (108) from 
a process (102) being measured and also from a 
separate light source (1 16) which is modulated 
such that ft can be detected in signals generated 
by the detector (11 0). The separate light source 
(1 16) is turned on and off to modulate its output 
such that output signals from the detector (HQ) 
can be separated into on-times and off-times of 
the separate light source/ The difference in on 
and off signal levels generated by the detector 
(110), or elements (11 Ge) of the detector if the 
detector has a plurality of elements, are used to 
calibrate the detector (110). The light energy is 
conveyed to the detector (1 1 0) by an energy 
conduit which may be a leaky" optical fiber (126) 
which receives light at one end and leaks the 
light out one sidewaK along a portion of the fiber 
which is positioned adjacent to and preferably 
secured Jo the detector (1 10), The leaky optical 
fiber can be made by removing cfadding (126c) 
from at least a portion of the sidewall along the 
portion of the fiber which is to leak light to the 
detector. Alternately, a bundfe of fiber optics can 
he utilized with one end of the bundle receiving 
light and the other end being broken out to direct 
one or more of the fibers toward elements of the 
detector. 
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Description 

{0001] The present invention relates in general to the 
prodycUonofawebofsheelmaterta] commoniy refer? ed 
to as a "process" and, more particularly, to a method and 5 
apparatus for monitoring and/or calibrating a detector 
used in measuring one or more characteilsitcs of the 
process as it is being produced. 

JQQ02J in the art of making sheet material, such as pa- 
per, coated paper, plasti cs and the like, it is impo riant to to 
monitor various characteristics of the sheet material or 
process which is typicaily manufactured as a relatively 
fast moving web. Monitoring systems In turn must be 
monitored and frequently caflbrated to provide accurate 
Information for controlling manufacture of the process. t$ 
[0003] One currently popular form of monitoring webs 
of sheet material traveling in a direction referred to as 
the machine direction, is to physically move a monitoring 
gauge across the web in a direction referred to as the 
cross direction which is substantially perpendicular to ?Q 
the machine direction. For calibration purposes, move- 
ment of a scanning gauge is continued to move the 
gauge off foe process being monitored to a position 
where it can be exposed to a set of standard conditions, 
such as a process sample having known characteristics. 25 
it is apparent that such scanning measurement ignores 
the majority of the web since only the materiai along a 
zig-zag fine is monitored by the traveling gauge. The 
amount of material which is monitored is further reduced 
by performing off-process calibration, 30 
[0004J In an attempt to more fully monitor a process 
being manufactured and lo speed up web measure ment 
and control, a stationary optica? sensor extending con- 
tinuously across a paper web is disclosed in U,S, Patent 
No, 5.071 1 514 , As disclosed in the '514 patent, the sta- 35 
tionary optical sensor ss calibrated by a closely assocl- 
ated scanning optical sensor which senses discrete re- 
gions of the web as it is scanned across the web. 
[00O5J In tiiis arrangement, the stationary sensor can 
be calibrated on-line using the scanning sensor. The 40 
scanning sensor can itself be calibrated off-line, i.e., off 
the process being measured, without impacting current 
operation of the stationary sensor. Unfortunately, provi- 
sion of both a stationary sensor and a scanning sensor 
is very expensive and complicates the structure and op- 45 
©ration of the overall measurement system, 
[0006] GB-A-2 087 544 discloses a coating detector 
in which an infrared light emitting diode (LED) 1 emits 
narrow beam 3 to the surface of a coated web, and a 
reflected beam 4 is collected by a silicon photo transistor 50 
2; The current through the LED 1 is modufated by a sig- 
nal S having frequency R GB-A-2 087 544 does not dis- 
elose any monitoring or calibration system for the coat- 
ing detector, 

[0007] US-A-4 767 935 discloses a system for rneas- 55 
uring properties of travelling webs of sheet material dur- 
ing manufacture. The system uses two illumination de- 
vices 61 which are simultaneously modulated by rotor 



member 73. Light from each illumination device 61 is 
Incident to the web 9, Pairs of photoelectnc transducers 
54 collect tight passing through the web 9 to provide 
"measurement" wavelengths and "reference" wave- 
f engths . As the "re fere nee" wa veteng th is prod uced from 
the light passed through the web 9, this "reference" 
wavelength cannot be used for calibration of the trans- 
ducers 54, Also, the two ligh t sources in US-A-4 767 935 
are both provided for the disclosed measurement sys- 
tem, not for monitoring anri/or cafibrating the measure- 
ment system. 

10008] US-A-4 098641 discloses a method for on-line 
control of the opacity of a paper sheet which uses visible 
ftght emitted from a light source 37 and chopped by a 
chopper 39 to produce an alternating signal at detector 
38 to make the signal independent of ambient light level. 
As this method cannot calibrate the detector, US-A-4 
098 641 also discloses programmed filters 41 which are 
utilised for periodic off sheet standardisatton to compen- 
sate for any long term drift in the sensor. However, US- 
A-4 O0B 64 1 does not disclose any on-line calibration of 
(he sensor. 

[0009] US-A-4 2894Q6 discloses caHbration of an ap- 
paratus for measuring ftght transmission of a continuous 
sheet having 3 series of aperture patterns. The appara- 
tus has a light pipe 22 which bypasses a porRon of light 
emitted from a light source 12 around the sheet 16 to a 
sensor 14. Calibration of the system is carried out with- 
out th e sheet 1 6 in place by measuri ng the sensor output 
when a shutter 20 blocks ail of the light rays except those 
rays entering the fiber optic light pipe 22, and when the 
shutter 20 ts retracted to fully expose the sensor 14. In 
order to normalise the transmission value associated 
with the pattern and in effect remove variations in the 
system, the system uses the output POL which was 
measured where the sheet has no aperture, and the out- 
put FOL + MTL which was measured where the sheet 
has an aperture pattern. This normalisation method re- 
lies on the fact that the sheet cuts off all light transmis- 
sion where no aperture pattern is formed. Accordingly, 
this method cannot be used in a paper making system. 
[0010] US-A-5 019 710 discloses an optica? system 
for detecting properties of travelling sheet materials. 
The system comprises a first group of bundles of optical 
fibers 25 and a second group of bundles of optical fibers 
73. A modulating device 24 is provided to chop light 
emitted from light source 21 and to convey the chopped 
light through the optical fibers 25 to rotatable multiplexer 
27 so as to distribute the chopped light to selected irans- 
mitting locations of the sheet material 9. The second 
group of bundles of optical fibers 73 collects and con- 
veys light transmitted through the sheet material 9 to a 
iight detector 23. Two wavelengths are measured and 
on e is ca I led a "measu rement" wave] ength a nd the of h er 
is a "reference" wavelength. As the ''reference" wave- 
length is produced from the light passing through the 
sheet material 9, it cannot be used to calibrate the de- 
tector 23. US-A-5 019 71Q does not disclose calibration 
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of the transducers, 

{00111 US-A-5 243 4Q7 discloses a device for charac- 
terising the formation of a sheet material. The device 
comprises a formation sensor for measuring the basis 
weight of the sheet material. The output of each band- 
pass filter of trie sensor is converted to a "DC" compo- 
nent which Is used for "normal isation H of the signaf and 
provides sensor calibration of output. US-A-5 243 407 
disposes that "the calibration could also be darned out 
in an "on-line" manner Jn situations where a separate, 
additional basis weight sensor is present and is meas- 
uring basis weight on (sic) the same paper being viewed 
by She formation sensor". However, US-A-5 243 407 
does not disclose calibration of the sensor in an "on4rne ,r 
manner by measuring the output of the sensor without 
using a s eparate additional sensor. 
[0012] Accordingly, there is a need for an effective 
and inexpensive arrangement for monitoring and/or cal- 
ibrating on-line process measuring systems without in- 
terrupting the collection of process data, Such a moni- 
toring and/or calibrating arrangement is ultimately re- 
quired for a commercially viable stationary, non-scan- 
ning sensor for a process monitoring system. 
[0013] This need is met by the method and apparatus 
of the present invention wherein a detector of a meas- 
uring system sensitive to a given form of energy, such 
as light energy, receives energy from a process being 
measured and also from a separate energy source 
which is modulated such that it can be detected in sig- 
nals generated by the detector, Preferably, the separate 
energy sou rce is turned on and off to modulate its output 
such that output signals from the detector can be sepa- 
rated into times when the separate energy source was 
on and times when the separate energy source was off. 
By determining the difference in signal levels for the de- 
tector; or each element of the detector in (he case of a 
detector having a plurality of elements* the defector can 
be calibrated by comparing signals generated when the 
s eparate energy source is on to signals ge nera ted when 
the separate energy source is off. The resulting differ- 
ence signafs define detector operation and are used to 
calibrate the detector or detector elemenis. 
[0014] The energy level of the separate source can 
be made sufficiently low that when it is on it does not 
Impact controf of the process. However, it is preferred 
to ignore such modified signals or remove them from the 
data stream being used to control the process. Due to 
the large amounts of data which are collected in station- 
ary, non-scanning sensors, the removal of small por- 
tions of collected data have no impact on the quality of 
control provided for the process, 
[0015] Apparatus in accordance with the present in- 
vention includes a source of modulated power which 
drives an energy source for generating detector sensi- 
tive energy and an energy condu it for conveying the en- 
ergy to the detector, in an illustrated embodiment of the 
invention, light energy is utilized and the energy conduit 
may comprise a h !eaky" optica* fiberwheeh receives light 



at one end and leafe the light out one sidewaJI along a 
portion of the fiber which is positioned adjacent to and 
preferably secured to the detector. Such a leaky optica* 
fiber can be made by removing cladding from at feast a 
$ portion of the sidewall along the portion of the fiber which 
is to leak light to the detector, Alternately, a bundle of 
fiber optics can be utilized with one end of the bundle 
receiving light and the other end belns broken out to di- 
rect one or more of the fibers toward each element of 
10 the detector. 

[0016] in according with one aspect of the presenMn- 
veniion, there is provided a method for measuring one 

or more characteristics of a process without interrupting 
measurement operations of the sysiem wherein meas- 
js uring system energy from a measuring system energy 
source is directed upon the detector for performs rig the 
measurement operations. The method is characterised 
by that detector sensitive energy is directed from a sep- 
arate energy source which is separate from the meas- 
20 uring system energy source onto the detector without 
passage through the process. The detector sensitive 
energy is modulated with a defined modufation. The de- 
fined modufation is detected in measurement signafs 
generated by the detecto r. 
25 [001 T] For one form of detector, the step of directing 
detector sensitive energy onto the detectors-comprises 
the step of illuminating the detector with light energy. 
Preferably, the step of modulating the detector sensi tive 
energy comprises the step of set eciively activating and 
39 deactivating a source of the detector sensitive energy. 
For example, the step of rnoduiating the detecto r sensi- 
tive energy may comprise the step of controlling the duty 
cycle of the detector sensitive energy directed onto the 
detector, preferably to approximately 0.1 percent of the 
35 duty cycle of the energy. 

[001 8] The method may further comprise the steps of: 
determining the amplitudes of detected defined modu- 
lation; providing expected amplitudes for detected de- 
fined modulation; and comparing determined arnpil- 
W tudes of detecied defined modulation to expected am- 
plitudes fordetected defined modulation to generate de- 
tector response signafs. The detector response signals 
may then be used to perform the step of calibrating the 
detector, 

45 [0019] In according with another aspect of the present 
invention^, there is provided an apparatus for monitoring 
a detector or a system having a measuring system en- 
ergy source for measuring one or more characteristics 
of a process without interrupting the measurement op- 
50 orations of the system. The apparatus is characterised 
by a separate energy source for generating energy of a 
type used in the measuring system wherein the sepa- 
rate en ergy s ou rce is sepa rate from the measuring sys- 
tem energy source; a power source for driving the sep- 
55 arate energy source; a modulator for rnoduiating the 
power source; and an en ergy conduit for carrying ener- 
gy generated by the separate energy source to the de- 
tector of the measuring system without passage through 
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the process while the measuring system is performing 
measurement operations, 

[0020] Preferably, the modulator controls the output 
level of the power source and an on/off duty cycle of the 
power source; and the apparatus further comprises a 
contra Her synchronized with the modulator for accumu- 
lating output signals from the detector of the measuring 
system d uring periods of time corresponding to on-times 
of the power source and during periods of time corre- 
sponding to off-times of the power source . 
[0021} The controller may further provide for compar- 
ing on-time accumulated output signals to off-time ac- 
cumulated output signals to generate detector charac- 
teristic signals, if ihe detector of the measuring system 
comprises a plurality of detector elements, the controller 
accumulates the output signals for each of the detector 
elements to generate characteristic signals for each of 
the plurality of Selector elements. 
[0022] For light sensitive detectors* She energy source 
may comprise a light emitting diode (LED). in any event, 
where iight energy is utilized, the energy conduit may 
comprise a fiber optic having a light receiving end posi- 
tioned adjacent the light source and a light dispensing 
end positioned adjacent the detector, the Jighi dispens- 
ing end comprising a length of the fiber optic having a 
sidewali through which light passes to impinge on the 
detector of the measuring system. Light passage 
through the sidewali can be enhanced when the fiber 
optic includes an outer clad by removing at least a por- 
tion of the dad along the length of the fiber optic defining 
the fight dispensing end. 

[0023] Alternately, the energy conduit may comprise 
a bu ndle of fi ber optics having a lig ht receiving end po- 
sitioned adjacent the light source and a light dispensing 
end positioned adjacent the detector for directing light 
on the detector of the measuring system. Preferably, the 
energy co nduit fs secured to the detector for delivering 
energy generated by the energy source without interfer- 
ing with measurement operations performed by the 
measuring system . 

[0024] Iri order that the invention may be more readily 
understood, reference wiH now be made to the accom- 
panying drawings, in which: 

Fig. 1 is a schematic block diagram of a process 
measuring system including apparatus structured 
and operable in accordance with the present inven- 
tion for monitoring and/or caltbrating the measuring 
system without Interrupting the system's operation; 

Rg. 2 illustrates an alternate embodiment of an en- 
ergy conduit for conveying modulated energy from 
the energy source to the detector of Fig, 1; and 

Fig. 3 is a graph representing detected energy out- * 
put generated by the detectors of Figs, 1 and 2 
when illuminated only by ihe measurement system 
energy source and when illuminated by both the 



measurement system energy source and the sepa- 
rate energy source of the monl tori ng/calsbrating ar- 
rangement of the present invention. 



s [0025] The invention of the present application will 
now be described with reference io Fig. 1 which sche- 
matically illustrates a stationary non-scanning system 
100 for measuring one or more characteristics of a web 
of sheet material, commonly referred to as a process 

10 102, as the process 102 is being manufactured For ex- 
ample, the process 102 may be a web of sheet paper 
which is moving in the direction of the arrows 104 as It 
progresses from a. pulp slurry at the beginning end of a 
paper making machine to a paper web at the finished 
end of the machine. 

[002 6J Machines for making webs of sheet material, 
such as paper, and stationary non-scanning systems for 
measuring characteris^cs of webs of sheet material as 
they are being manufactured are well known in the art 
?0 and will be described herein only to the extent necessary 
to understand the present invention. Those desiring ad- 
ditional information regarding details of such machines 
and measuring systems are referred to US, Paieni No. 
5,071,514 which is incorporated herein by reference. 
25 [0027] As shown in Fig. 1 , the web measuring system 
100 comprises a measurement system energy source 
106. Energy sources used in web measuring systems 
range from sources of beta particles to sources of light 
energy selected within broad or narrow bands of light 
30 frequencies. In the embodiment illustrated in Fig, 1 , the 
energy source 106 emits light energy 108 which passes 
through the process 102 and is received by a detector 
11 0 which comprises a detector array made up of a plu- 
rality of detector elemen ts 1 1Qe. The attenuation of the 
35 fight energy 1 08 by the process 102 reveals character- 
istics of the process 102 such as basis weigh!, moisture 
content and She like which are to be measured. 
[0028] The detector elements 11 Oe of the detector 1 1 0 
generate signals such as a signal 112. shown in Fig. 3, 
w which are passed to a controller 114. The controller 114 
forms part of the measuring system 100 in the illustrated 
embodiment and is used to process the signals received 
from the detector 110 to measure characteristics of the 
process 102 and control a machine which is making the 
•*s process to maintain required process quality, m the past, 
such detectors have been calibrated on-line by means 
of a closely associated scanni ng optical sensor which 
senses discrete regions of the process 102 as it is 
scanned across the process 102. Unfortunately, provi- 
so sion of both a stationary non-scanning sensor and a 
scanning sensor is very expensive and complicates the 
stru cture and opera tion of the overal l measurement sys- 
tem, 

[0029] In accordance with the present invention, mon- 
& itoring and/or calibration of the measuring system 100 
is simplified by provision of a separate energy source 
which is modulated to provide modulated energy to the 
detector 110 above and beyond the energy received 



4 



EP Q 745 917 B1 



8 



from the measurement system energy source 106, The 
separate energy source is illustrated in Fig. 1 as a light 
emitting diode (LED) 116 which is driven by a power 
source 11 8 V of course other energy sources can be used 
in the present invention. The output power level of the 5 
power source 118 is set by a level control circuit 120 
which can be internal to the source 118. The power 
source is preferably cycled on and off to define a duty 
cycle of off-time to on-time which Is controlled by a duty 
cycle circuit 122 which also can be internal to the source w 
118. 

[00305 Light energy 124 generated by the energy 
source LED 116 is carried by an energy conduit to the 
detector 110 of the measuring system 100 while the 
measuring system 1 00 is performing measurement op- to 
eralions. In the illustrated embodiment of Fig, 1, the en- 
ergy conduit comprises a fiber optic 126 having a light 
receiving end 126a positioned adjacent the LED 116 
antf a lign tdrspensirig end 126b positioned adjacent the 
detector 110, The light dispensing end 1 26 comprises a 20 
length of the fiber optic 126 having a sidewalf through 
which light passes to impinge on the detector 11 Oof the 
measuring system 1 00. 

10031] Preferably the fiber optic 126 Includes an outer 
clad 1 26c and the length of the fiber optic 126 defining as- 
She light dispensing end 126b has at teas! a portion of 
the clad 126c removed therefrom. As illustrated in Fig. 
1, the dad 126c is removed along that portion of the 
sidewall of the light dispensing end 126b which faces 
the detector 1 1 0. Alternately, as shown in Fig. 2, the en- 30 
ergy conduit may comprise a bundle 1 28 of fiber optics 
having a light receiving end 128a positioned adjacent 
the LED 116 and a light dfspensing end 128b positioned 
adjacent the detector 110 for directing light on the de- 
tector 110 of the measuring system 1 00. as 
{0032] The energy conduit, illustrated as the fiber op- 
tic 126 or the bundle 128 of fiber optics in Figs. 1 and 2 
respectively, are preferably secured to the detector 1 1 0 
and are positioned such that they deltver energy to the 
detector 110 without interfering with the energy daliv- *o 
ered to the detector 11 0 from the measuring system en- 
ergy source 106 after passage through the process 1 02. 
In this way, the monitoring/calibrating arrangement of 
ihe present in vention can be opera ted during normal op- 
eration of the measuring system 1 00. Structural detaris 45 
regarding the caupfing of the energy conduit to the da- 
te ctor 11 Q depend upon the particular des ig n of Ih e de- 
tector 110 and will not be described herein. 
[0033] By controlling the duty cycle of ihe power 
source 118 via the duty cycle circuit 122, light energy so 
124 from the LED 116 can be added at defined Intervals 
to the light energy 1 08 from the measuring system en- 
ergy source 1 06 which has been modulated by the proc- 
ess 102. During periods of time that light energy 124 
from the LED 116 is added, there is an energy diffBreh- 55 
Hal A detectable in the signals generated by the detector 
11 0 or each of the detector elements 11 Oe asrepreseni- 
ed by the signal 130 in Fig, 3. In the Illustrated embod- 



iment of the invention, the controller 114 determines the 
energy differential A and is connected to the power 
source 118 for synchro nizatron with the modulation of 
the output power from the power source 118. 
[0034] As shown in Fig. 3, ihe differential A Is a con- 
stant across the entire detector 110; however, it should 
be apparent that the actuaj differential A can vary along 
the length of the detector 110 or for each of the detector 
elements 110e. Such differences do not matter since the 
calibration process takes these difference into account, 
[0035] fn pariicutar, ihe detector 11 0 or detector ele- 
ments 11 0a are exposed to a series of standard condi- 
tions, such as samples of the process 102 having known 
characteristics, and correction factors are computed 
which calibrate, normalize or standardize the response 
or signals generated by the detector 110 or detector el- 
ements 1 1 0e. One or more of the standard conditions is 
illuminated by the light energy 124 from the LED 116 
which can be repeated while measurements are being 
made by the measuring system 100. These measure- 
ments provide a measure of the response of ihe detector 
100 ordeteetor elements 110e such that cal ibration , nor- 
malization or standardization can be performed, 
{0036] The continuous energy output from the sepa- 
rate energy source or LED 116 in combination with the 
energy from the measuring system energy source 106 
should be less than required to saturate the detector 110 
or any one of the detector elements 11 Oe. The energy 
level of the separate source or LED 116 can be made 
sufficiently low that when it is on It does not substan*?ally 
impact control of the process. However, it is preferred 
to fgnore signals modified by input from the separate en- 
ergy source or remove the modified signals from the da- 
ts stream being used to controt the process. Due to the 
large amounts of data whrch are collected in stationary 
non-scanning sensors, the removal of small portions of 
eoileeted data has no impact on the quality of control 
provided for the process, 

£0037] Thus, signals generated by the detector 110 or 
detector elements 11 Oe during the on portion of the duty 
cycle of the power source 11 8 are accumulated and sig- 
nals generated during the off portion of the duty cycle 
are accumulated. The accumulation of signals made 
during the on portion of the duty cycle are compared to 
the accumulation of signals made during the off portion 
of the duty cycle to monitor and/or ca libra te the detector 
110 or detector elements 11 Oe, 



Claims 

1 ♦ A method of mon itoring a detector (11 0) of a system 
(100) for measuring one or more characteristics of 
a process (102) without interrupting measurement 
operations of the system , measuring system energy 
(108 ) from a measuring system energy source (106) 
being directed upon said detector for performing 
said measurement operations, said method being 
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characterized by comprising the steps: of: 

directing detector sensitive energy (124) from 
a separate energy source (116) separate from 
said measuring system energy source (106) 
onto said detector (110) without 
through said process (1 02); 
modulating said detector sensitive energy 
(124) with a defined modulation; and 
detecting said defined modulation in measure- 
ment signaJs (112, 130) generated by said de- 
tector 

2. A method as claimed in claim 1 wherein the step of 
directing detector sensitive energy (124) onto said 
detector (110) comprises the step of illuminating 
sard detector (110) with fight energy (1 24). 

3. A method as claimed in claim 1 wherein the step of 
modulating said detector sensitive energy (124) 
comprises the step of selectively activating and de- 
activating a source (110) of said detector sensitive 
energy (124):. 

4. A method as claimed in claim 1 wherein the stepof 
modulating said detector sensitive energy (124) 
comprises the step of controlling the duty cycle of 
the detector sensitive energy directed onto said de- 
tector (110); 

5» A method as claim ed in claim 4 wh erein the step of 
modulating said detector sensitive energy (124) 
comprises the step of controlling the duty cycle of 
the detector sensitive energy directed onto said de- 
tector to approximately 0.1 percent of the duty eycfe 
of said energy. 

6. A method as ciaimed in claim 1 further comprising 
the steps oft 

determining the amplitudes of detected defined 
modulation; 

providing expected a mplitu de s for detected de- 
fined modulation; and 

comparing determined amplitudes of detected 
defined modulation to expected amplitudes for 
detected defined modulation to generate detec- 
tor response signals. 

7. A method as claimed in claim 6 further comprising 
the step of calibrating said detector (110) fcased on 
said detector response signals. 



to 
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raius being characterised by 

a separate energy source (116) for generating 
energy of a type used in said measuring sys- 
tem, said separate energy source (116) being 
separate from said measuring system energy 
source (106); 

a power source (118) for driving said separate 
energy source (116); 

a modulator (112* 122) for modulating said 
power source; and 

an energy conduit (126 r 129) for carrying ener- 
gy generated by said separate energy source 
(116) to the detector (110) of said measuring 
system (100) without passage through the 
process (102) while said measuring system is 
performing measurement operations. 

9, Appa ratus as claim ed in claim 8 wherein said ener- 
gy source comprises a light emitting diode (116), 

10, Apparatus as claimed in claim 8 wherein said ener- 
gy source comprises a light source (116) and said 
energy conduit comprises a fiber optic (126) having 
a light receiving end (126a) positioned adjacent 
said light source and a tight dispensing "end (126b) 
positioned adjacent said detector (110), said light 
dispensing end comprising a length of said fiber op- 
tic having a sidewall through which light passes to 
impinge on the detector (100) of said measuring 
system (100). 
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a. Apparatus for monitori ng a detecto r (110) of a sys- 
tem (100) having a measuring system energy 
source {106) for measuring one or more character- 
istics of a process (102) without interrupting the 
measurement operations of the system, said appa- 



11, Apparatus as claimed in cteim 8 wherein said fiber 
optic (126) includes an outer ciad (126c) and said 
length of said fiber optic defi ni ng said l ig hi dispens- 
ing end has had at feast a portion of said clad re- 
moved therefrom. 

12, Apparatus as Claimed in claim 8 wherein said ener- 
gy source comprises a light source (116) and said 
energy conduit comprises a bundle (128) of fiber 
optics having a light receiving end (128a) positioned 
adjacent said fight source (116) and a light dispens- 
ing end (128b) positioned adjacent said detector 
(1 10) for directing light on the detector (11 0) of said 
measuring system (100), 

13, Apparatus as claimed in claim 8 wherein said ener- 
gy conduit (126,128) is secured to said detector 
(110) for delivering energy generated by said ener- 
gy source (116) without interfering with measure- 
ment operations performed by said measuring sys- 
tem (100). 



55 14. Apparatus as claimed in claim 8 wherein 

said modulator (112,122) controls the output 
ievei of said power source (118) and an on/off 
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duty cycle of sard power source (118); and 
said apparatus further comprises: 
a controller (114) synchronized with said mod- 
ulator (112,122) for accumulating output sig~ 
rials (112,130) from said detector (110) of said 
measuring .system (1 GO) during periods of time 
corresponding toon-iimesof said power source 
(116) and during periods of if me corresponding 
to off-times of said power source (116) 

15, Apparatus as claimed fn cJaim 14 wherein said en- 
ergy source composes a Jight emitting diode ( 11 6), 

16, Apparatus as claimed in claim 14 wherein said con- 
troller (114) furt^^^ provides for comparing on-time 
accumulafed output signals (130) to off-time accu- 
mulated output signals (112) to generate detector 
characteristic signals. 

17, Apparatus as claimed in claim 16 wherein said de- 
tector (11G) of said measuring system {1 DO) com- 
prises a plurality of detector elements (11 De) and 
said controfler (114) accumulates said output sig- 
nafs (112,130) for each of said detector eiements 
(11 Oe) to generate characteristic signals for each of 
said plurality of detector elements (11 Ge), 

18, Apparatus as claimed in claim 17 wherein said en- 
ergy source comprises a light source (11 6) and said 
energy conduit comprises a fiber optic (126) having 
a light receiving end (126a) positioned adjacent 
said light source (116) and a fight dispensing end 
(126 b) positioned adjacent said detector (110), said 
light dispensing end (126b) comprising a length of 
said fiber optic {126) having a sidewafl through 
whfeh light passes to im pinge on She detectorof said 
measuring system. 

19, Apparatus as claimed in claim 1 a wherein said fiber 
optic (126) includes an outer clad (1 26c) and said 
length of said fiber optic defining said light dispens- 
ing end has had at least a portion of said clad re- 
moved therefrom. 
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Apparatus as cfafmed in claim 1 7 wherein said en- 45 
ergy source comprises a lightsource (11 6) and said 
energy conduit comprises a bundle of fiber optics 
(128) having a light receiving end (128a) positioned 
adjacent said light source (11 0) and a light dispens- 
ing end (128b) positioned adjacent said detector so 
(110) for directing light on the detector of said meas- 
uring system (100). 



Patentanspruche ss 

1 . Verfahren zum Oberwachen eines Deteklors (110) 
eines Systems (100) zum Messan eines Charakte- 
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ristikums Oder mehrerer Charakteristika einer Ma- 
teriaibahn (102) ohne Unterbreehen von Meftvor- 
gangen des Systems, wobei Systemenergie (108) 
von einer MeBsystem-Energrequeile (106), die auf 
den Detektor gerichlet wird, zum Durchf iihren der 
Meftvorgange gernessen wird, wobei das Verfahren 
dadurch gekennzeicbnet ist, daft es die Schritte 
aufweist; 

Richten von fu r den Detektor sensitiver Energie 
(124) von einer separaten Energiequeile (116), 
separat von dor MeBsyBterrvEnerglequeiie 
(106), auf den Detektor (110) ohne Durchgang 
durch die Bahn (102): 

Modulieren der fur den Detektor sensitiven En- 
ergie (124) mit einer definierien ModulaUon; 
und 

Erfassen der definierien Modulation in Mefcsf- 
gnaien (112, 130), erzeugt dureh den Detektor. 

. Verfahren nach Anspruch 1 , wobei der Schiitt eines 
Richtens von fur den Detektor sensitiver Energie 
(124) auf den Detektor (110) den Schritt eines Be- 
Jeuchtens des Detektors (110) mit Lfchtenergie 
(124) aufweist, 

Verfahren nach Anspruch 1 , wobei der SchriU eines 
Moduiierens der fur den Detektor sensitiven Ener- 
gie (124) den Schritt eines selekiiven Aktlvlerens 
und Deaktivierens einer Quelle (118) der fur den 
Deteklor sensitiven Energie (124) aufweist. 

Verfahren nach An spruch 1 , wobei der Schritt eines 
Moduiierens der fur den Detektor sensitiven Ener- 
gie (124) den Schritt eines Konirolfierens des Ar- 
belSszykius der ftir den Detektor sensitiven Energie, 
gerich let a u f den Detektor (1 1 0), aufweist. 

Verfahren nach Anspruch 4, wobei der Schritt eines 
Moduiierens der fflr den Detektor sen sitrven Ener- 
gie (124) den Schritt eines Kontroi/ierens des Ar- 
beitszykius der fur d en Detektor sens itiven Energie, 
gerichlet auf den Detektor, auf ungefahr 0.1 Prozent 
des Arbeitszykfus der Energie aufweist. 

Verfahren nach Anspruch 1, das weiferhin die 
Schritte aufweist: 

Bestimmen der AmpJituden einer erfaftten, de- 
finierten Modulation; 

Liefern von erwarteten Ampjijuden fur eine er- 
fa&te, definierte Modulation; und 

Vergleichen bestimmter Ampfituden einer er- 
faftten, definierten Modulation mit erwarteien 
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AmpJituden fOr erne erfa&te, definferte Modula- 
tion, urn Detektoransprechsignafs zu erzeu- 
gert. 

.. Verfahren nach Anspruch 8, das weiterhin den $ 
Schritt ernes KaHbrierens des Detektors (110) ba- 
sierend auf den Deiektoransprechsignalen auf- 
weist 

Vorrichlung zum Dberwachen ernes Detektors io 
(110) eines Systems (100), das eine Mejlsystem- 
Energiequefle (106) zum Messen eines Gharakte- 
ristikums oder mehrerer Gharakterfstika einer Ma- 
teriaibahn (102) ohne Unterbrechen der Me&vor- 
gange des Systems hesitzt, wobei die Vorrichtung 
gekennzeichnet 1st durch 

eine separate Energtequeiie ( 11 6 ) zum Erze-u- 
gen von Energre eines Typs, der in dem 
MelSsystem verwendet wird, wobei die separa- 20 
te Energiequelle {1l6) separatvon der MefSsy- 
stem-EnerGjequejie (106) vorliegt; 

eine Energiequeile (118) 211m Ansfeuern der 
separaten Energie quel le ( 1 16); 25 

ernen Modulator (11 2, 122) zum Moduiiemn der 
EnerglequeMe; und 

einen Energiekanal (126, 1 28) zum Funran von m 
Energie, die durch die separate Energiequeile 
(116) erzeugt ist, zu dem Detektor {110) des 
Meftsystems (100) ohne Durchgang durch die 
Bahn (102), wahrend das Mefisy stem Meftvor- 
gange durchfuhrL 

Vorrichtung nach Anspruch 8, wobei die Energie- 
queile eine Licht em ittierende Diod e (1 1 6) aufweisL 



10. Vorrichlung nach Anspruch 8, wobei die Energie- 
quelle erne Lichtquelie (116) aufweist und der En- 
ergiekanal eine Faseroptik (126) aufweist, die ein 
Licht aufnehmendes Ende (1 20a), positioniert an- 
grenzend an dieLichtqueNe, und ein Licht verteiien- 
des Ende (126b), positioniert angrenzend an den 
Detektor (110), aufweist, wobei das das Lichi ver- 
teilende Ende eine Lange der Fa seroptik aufweist, 
die eine Seitenwand besitzt, dureh die Licht hin- 
durchfUhrt, urn auf den Detektor (110) des Measy- 
stems (1 00) aufzutreffen. 

11. Vorrichtung nach Anspruch 8, wobei die Faseroptik 
(T26) eirtefi aufieren Mantel (126c) umfaftt und die 
Lange der Faseroptik, die das Licht verteifende En- 
de defi.nie.rtr. m indestens ein en Bereich besitzt, von 
dem der Mantel en tfernt ist. 

12. Vorrichtung nach Anspaich B. wobei die Energie- 
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quelle eine Lichtquelie (116) aufweist und der En- 
ergiekanal ein Bundel (126) aus Faserqptiken auf- 
weist das ein Licht aufnehmendes Ende (128a) t 
positioniert angrenzend an die Ljehtqueiie (116), 
und em Licht verteilendes Ende (T2Bb), positioniert 
angrenzend an den Detektor (110), zum Richien 
von Licht auf den Detektor (110) des Meftsystems 
(100) besitzt, 

13. Vorrichtung nach Anspruch 8 , wobei der Energie- 
kahai(l2!6, 128) an dem Detektor (110) zum Zufuh- 
ren von Energie, erzeugt durch die Energtequefie 
(116), ohne Beeinfiussen der MeBvorgange, durch- 
gefuhft durch das Meftsystem (100), befestigt ist. 

14. Vomchtung nach Anspruch 8, wobei der Modulator 
(112, 122) das Ausgangsniveau der Energiequelie 
(118) und einen Efn-/Aus-Arbeitszyktus der Ener- 
giequeile (118) sfeuerL und 

die Vomchtyng weiterhin aufweist; 

eine Steuereinhelt (114), synchronisiertzu dem 
Modulator (112, 122), zum Akkumulieren von 
Ausgangssignaien (112, 130) von dem Deiek- 
tqr (110) des Me&systarns (100) wafxrend ztelt- 
perioden enteprechend zu Einschaltzeiten der 
Energiequeile (116) und wahrend Zeitperroden 
entsprechend zu Ausschaltzeiien der Energie- 
quellaflie). 

15, Vorrichtung nach Anspruch 14, wobei die Energie- 
queile eine Licht emittierende Diode (11 6) aufwefst. 

16, Vorrichtung nach Anspruch 14, wobet die Steuer- 
einheii (114) weiterhin zum Vergleichen von akku- 
mulierten Einschaiizeiten-Ausgangssignafen (130) 
zu akkurnuiierten Ausschaltzeiten-Ausgangssigna- 
len (112) dlerit, um DetektorvCharakleristikum-Si- 
gnaie zu erzeugen. 

17, Vorrichtung nach Anspruch 16, wobei der Detektor 
(11 0) des Meftsystems (1 00) eine Vie^ahi von De- 
Jektorelementen ( 11 Oej aufweist und die Steuerein- 
heit(114) die Ausgangssignale (112, 130) fur jedes 
der Detektorelemente (11 Oe) akkumuliert, um Cha- 
rakteristikum-Signale fur jedes der Viefzahl der D©r 
tektorelemente (t10e) zu erzeugen. 

18, Vorrichtung nach Anspruch 17, wobei die Energie - 
quetie eine Lichtquelfe (116) aufweist und der En- 
ergiekanal eine FaseropUk (126) aufweist, die ein 
Licht aufnehmendes Ende (1 26a), posttioniert an- 
grenzend an die Lichtquefle (11 6); und em Licht ver- 
teilendes Ende (126b), positioniert angrenzend an 
den Detektor (110), aufweist, wobei das Light ver- 
teiiende Ende (126b) eine LSnge der Faseroptik 
(126) aufwefst, die eine Seitenwand besitzt, durch 



8 



15 



EP 0 745 917 B1 



■re 



die Lichi hindurchfOhrt, urn auf den Oetektor des 
Meftsystems aufzuireffen. 

19. Vorrichtung nach Ansprueh 18, wdfasf die Faserop- 
tik (126) einen aufSeren Mantel (1 26c) aufwejst und 
die Lange der Faseroplik, die das Ucht verteilende 
Ende definiert, mindestens einen Bereich, von dem 
der Mantel entfernt ist, besitzt 

20, Vorrichtung nach Anspaich 17, wobei die Energie- 
quelle sine Uchtqueffe (116) aufweist und der En- 
ergiekana! em Bundel aus Faseroptiken (128) auf^ 
weist, das ein Ucht aufnehm end es Ende (128a), 
positioniert angrenzend an die Lichtquelle (116), 
und ein Ucht verteilandes Ende (128b), positioniert 
angrenzend an den Detektor (110), zurn Richten 
von Ucht auf den Detektor des Meftsystems (1Q0}, 
besiizt, 



Revendicatibns 

1. Proeede pour controler un detecteur (11 0) farsant 
partred'unsysteme (100) destine a mesurer une ou 
plusteurs caracteristiques d'un eiement a trailer 
(102) sans interrompre Ies operations de mesure 
du sysieme, a mesurer f'energie du systerne (106) 
provenant d'une source d'energie du systerne de 
mesure (1 06) dtngee sur ledit detecteur afin de rea- 
Irser lesdites operations de mesure, [edit precede 
eiant caracterise en ce qu'll comprend ies etapes 
consistant a : 

dinger I'energie activant le detecteur (124) a 
partir d'une source d'energie distincte (116) dis- 
soctee de ladite source d'energie du system e 
de mesure (106) sur ledit detecteur (110) sans 
traverser ledit element a traiter (102) * 
modular fadite energie activant Ee detecteur 
(124) avec une modulation definie; et 
detecter ladite modulation definie dans Ies si- 
grtaux de mesure (112, 130} g6n eras par Jedit 
detecteur. 

2. Precede selon la revendica tfon 1 , da ns lequel I'esa- 
pe consistent a dinger {'energfe activant le detecteur 
(124) sur ledit detecteur (110) comprend f'etape 
consistant § eclairer iedit detecteur (110) par une 
energie lumineuse (1 24). 

3. Procede selon la revendlcation 1 ,. dans Sequel I'eta- 
pe consistent e moduler fadite energie activant le 
detecteur (124) comprend f'etape consistent a acti- 
ver et a desaelfver de rnaniere selective une source 
(116) de ladite energie aetfvant le detecteur (124). 

4. Procede selon fa revendica tton 1 , dans lequel I'eta- 
pe consistant a modular ladite energie activant le 
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detecteur (1 24) comprend I'etape consistant a con- 
troler le cycle operatoire del r energie activant le de* 
tecteur dirigee sur ledit detecteur (110). 

Phoeede selon la revendlcation 4 t dans lequel I'eta- 
pe consistant a moduler fadite energie acitvani te 
detecteur (1 24) comprend I'etape consistani a con- 
troler ie cycle operatoire de fenergre activant le de- 
tecteur dirigee sur ledit detecteur a environ 0,1 % 
du cycle operatoire de ladfte energie. 

Procede selon la revendicaiion 1, comprenant en 
outre f'etape consistent a ; 

determiner Ies amplitudes de ia modulation de- 
fin ie detectee ; 

fournir \es amplitudes prevues pour la modula- 
tion definie detectee ; et 
comparer Ies amplitudes determinees de fa 
modulation definie detectee aux amplitudes 
prevues pour la modulation definie detectee 
afin de generer des signaux de reponse dude* 
tecteur. 

Procede selon la revendicaiion 6, comprenant en 
outre f'etape consistent a et al on ner ledit detecteur 
(110) en se basant sur iesdits signaux de reponse 
du detecteur. 



30 s. AppareiJ pour controler un detecteur {11 0) d'un sys- 
teme (1 00) ayant une source d'energie du systerne 
de mesure (106) afin de mesurer une ou piusieurs 
caracteristiques d'un eiemeni a traiter (102) sans 
interrompre Ies operations de mesure du systerne, 
ledit appareil eiant caracterise par : 

une source d'energi e distin cte (116) pour gen e>- 
rer una energie d'un type utilise dans ledit sys- 
terne de mesure, ladite source d'energie dis- 
tincte (116) eiant dissociee de ladite source 
d'energie du system e de mesure (106) ; 
una source d'alimentation (118) pour exciter la- 
dite source d'energie distincte (116) ; 
un modufateur (112 t 122) pour moduler ladite 
source d'alimeritatlon ; et 
un tube de transport d'energie (126, 128) pour 
acheminer J'energie generee par ladite source 
d'energie distincte (116) vers le detecteur (110) 
dud it systern e de mesure (100) sans traverser 
t'element a traiter (102) tandis que ledit syste- 
rne de mesure effectue Ies operations de me- 
sure, 

9, Appareil selon la revendication 8, dans lequel ladite 
source d'energie comprend une diode electrolumh 
neseente (116), 

10. Appareil selon la revendieation 6, dans lequel ladite 
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source d'eneraje comprend une source de iumiere 
(116) et fedit tube de transport d'energie comprend 
une fibre optique (126) ayant une extremity rece- 
vant Fa lumiere (126a) piacee a proximite de fadite 
SQurcadelurniereelune s 
miere (126b) piacee a proximite dudit detecteur 
(110), Iadite extremite distribuant fa lumiere com- 
prenant une certaine longueur de iadiie fibre opti- 
cus ayant une parol fateraie a tr&vers I aquelle pas- 
se ia ium?ere pour atteindre fe deiecteur (110) dudit io 
systeme de mesure (100). 

11. Appareil sefon la revendication 8, dans iequef fadite 
fikra optique (126) comprend un revetement exte- 
rieur (126c) at ladile longueur de iadfte fibre optique W 
deRnlssant iadite exiremlte disiribuant la fumiere a 

au moins une partie dudit revetement qui en est re- 
tiree. 

12. Appareil selon la revendication 8 r dans Iequef Iadite 20 
source d'energie comprend une source de lumiere 
(116) ei (edit tube de transport d'energie com prend 

un farsceau (128) de fibres optfques ayant une ex- 
tremity recevanl la lumiere (1 20a) piacee a proxi- 
mite de Iadite source ^ fumiere (116) et une extre- 25 
mUe distribuant la lumiere (120b ) piacee adjacente 
audit detecteur (110) pour diriger la fumiere sur Je 
detecteur (110) dudit systems de mesure (100). 

13. Appareil selon la revendfcaiion 8, dans iequel ledit 30 
tube de transport denergi e (1 26, 1 28) est fixe audit 
detecteur (110) pour deiivrer I'energie generee par 
Iadite source d'energie (116) sans perturber les 
operations effectuees par -radii systeme de mesure 
(100). 35 

14. Appareil selon (a revendication 8, dans Sequel 

ledit modulateur (112, 122) controie ie niveau 
de sortie de iadite source d'alimentation (1 18) 40 
etun cycle opera Loire demarche/arretde fadite 
source d'alimentation (11 8) ; et 
ledit appareil comprend en outre: 
un regulateur (114) synchronise avec fedit mo- 
dulateur (1 12, 1 22} pour accumuler les signaux «5 
de sortie (112, 130) a partir dudit detecteur 
(110) dudit systeme de mesure (100) au cours 
de periodes correspondant aux periodes de 
fonctionn ement de Iadite source d'alimentation 
(11 6) et pendant des periodes correspondant so 
aux periodes d'anret de iadite source d'altmen- 
tation(i16j. 



reguiateur (114) effectue en outre une eomparaison 
des signaux de sortie accumules en fonetionne- 
me nt ( 1 30 ) a vec les signaux de sortie accu mules a 
('arret (112) pour generer des signaux caracterisfi- 
ques du detecteur. 



17 ? Appareil selon la revendication 16, dans iequei fedit 
detecteur (110) dudit systeme de mesure (100) 
comprend une piuralite d'elements de detecteur 
(11Ge) et ledit regulate ur (114) accumuSe lesdits si- 
gnaux de sortie (1 12, 130) pour chacun desdits ele- 
ments de deiecteur {11 0e) afirtde generer des si- 
gnaux caractenstiques pour chaque elements iri- 
clus dans Iadite pfuralite d'elements de detecteur 
(110e). 

18. Apparei! selon la revendication 17, dans iequel fa- 
dite source d'energie comprend une source de lu- 
miere (11 6 ) ei ledit tube d e transport d en ergie com- 
prend une fibre optique (126) ayant une extremity 
recevanl ia lumiere (126a) pfacee a proximite de Ia- 
dite source de fumiere (116) et une extremite distri- 
buant fa lumiere £1 26b) pfacee a proximite dudit de- 
iecleur (110) Jadtte extremite distribuant la fumiere 
(126b) comprenanl une certaine longueur de fadite 
fibre optique (1 26) ayant une paroi Saturate a travers 
laquelle la lumiere passe afjn d'atteindre le detec- 
teur dudit systeme de mesure. 

19. Appareil selon ia revendication 18, dans fe quel ia- 
dite fibre optique (126) comprend un revetement 
exterieur ( 1 26c) et fadite longueur de fadite fibre op- 
tique definissant iadite extremity distribuant la. lu- 
miere a au moins une partie dudit revetement qui 
en est retiree, 

20, Appareil selon fa revendication 17, dans Iequef fa- 
dite source d'energie comprend une source da to- 
rn (ere (116) et fedit tube de transport d'energie com- 
prend un faisceau de fibres optiques (12a) ayant 
une extremite recevant la lumiere (128a) piacee a 
proximite de Iadite source de lumiere (116) et une 
extremite distribuant la lumiere (128b} piacee a 
proximite dudit detecteur (110) pour dinger la lumie- 
re sur le detecteur dudit systeme de mesure (100). 



15. Appareil seion la revendication I4 r dans Iequel fa- 
dite source d'energie comprend une diode electro- 55 
luroinescente {116), 

16. Appareil selon la revendication 14, dans lequaiiedit 
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